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ABSTRACT 

According to Martin-Marietta, ablator heat shield 
technology for the medium to high L/D reentry spacecraft 
is well in hand. 
incorporating a thermo-structure which could eventually be 
converted to a radiative heat shield system with little or 
no penalty to the spacecraft structure. 

properties for a reusable radiative heat shield. 
the oxidation resistant coating for columbium (or any of the 
refractory metals) is a major obstacle in developing a 
multiple reuse radiative heat shield for reentry spacecraft 
application. 

baboratory contracted programs designed to evaluate columbium, 
tantalum, Raynes 25 and advanced TD nickel f o r  spacecraft 
structural and radiative heat shield applications. It is 
anticipated that Martin will review both programs for NASA 
and Bellcomm in the near future. 

They are investigating a low cost ablative system 

Columbium metal appears to have good structural 
However, 

The ASCEP and HASP are Air Force Flight Dynamics 
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MEMORANDUM FOR FILE 

The au tho r s  had personal  d i s c u s s i o n s  w i t h  r ep re -  
s e n t a t i v e s  of t h e  Martin-Marietta Corpora t ion  a t  Denver, 
Colorado. The  M a r t i n  p a r t i c i p a n t s  w e r e  R.  Davis,  D. V. S a l l i s ,  
and W. F. Garrett .  The d i s c u s s i o n s  w e r e  d i r e c t e d  toward 
material  development and hea t  s h i e l d  des ign  f o r  a p p l i c a t i o n  
on r eusab le  s p a c e c r a f t .  

I n t r o d u c t i o n  

Mart in-Mariet ta  has been developing  and e v a l u a t i n g  
s t r u c t u r a l  concepts ,  u s ing  both a b l a t i v e  and r a d i a t i v e  h e a t  
s h i e l d s ,  f o r  a p p l i c a t i o n  on r e u s a b l e  r e e n t r y  s p a c e c r a f t .  Two 
of t h e  major program a p p l i c a t i o n s  conducted p rev ious ly  by 
Martin i n  suppor t  of t h e i r  e f f o r t s  w e r e  t h e  PRIME ( P r e c i s i o n  
Recovery Inc luding  Maneuvering Ent ry ,  SV-5) smal l  scale r e e n t r y  
f l i g h t  t e s t  and t h e  ASCEP (Advanced S t r u c t u r a l  Concepts Experi-  
mental  Program). Both programs w e r e  under A i r  Force c o n t r a c t s .  
t h e  P r i m e  v e h i c l e s  w e r e  used t o  t e s t  t h e  a p p l i c a t i o n  of an 
a b l a t i v e  h e a t  s h i e l d  t o  medium hypersonic  L/D ( %  1.3)  r e e n t r y  
from l o w  e a r t h  o r b i t  as w e l l  as o the r  f a c e t s  of r e e n t r y .  The 
ASCEP program evalua ted  t h e  a p p l i c a t i o n  of  coa ted  columbium 
and Haynes 25 a l l o y  t o  h o t  load c a r r y i n g  r e e n t r y  s t r u c t u r e s .  The 
ASCEP included a ground tes t  appa ra tus  t h a t  c o n s i s t e d  of a 1/3 
scale l e n g t h  of s p a c e c r a f t  (aerospace p l ane )  body s e c t i o n  con- 
s t r u c t e d  of columbium on the  lower s u r f a c e s  and super  a l l o y  
Haynes 2 5  on a l l  t h e  upper su r faces .  Twin t i t a n i u m  t a n k s  f i l l e d  
wi th  l i q u i d  n i t r o g e n  w e r e  i n s i d e  t h e  s t r u c t u r e  t o  s imula t e  pro- 
p e l l a n t  t anks .  The apparatus  was exposed t o  s t a t i c  s t r u c t u r a l  
l oad ing  and h e a t i n g  lamps t o  s imula t e  t y p i c a l  e n t r y  c o n d i t i o n s  
from l o w  e a r t h  o r b i t .  

- 

A new progran, HASP (Hypersonic Aerospace S t r u c t u r e s  
Program), i s  c u r r e n t l y  i n  progress  a t  Mart in  t o  i n v e s t i g a t e  
TD N i - C r  (Thoria  Dispersion Strengthened Nickel - Chromium) 
and a new g e n e r a t i o n  of  tantalum a l l o y ,  Ta-222.  The i n i t i a l  
phases  of t h e  program involve phys ica l  p rope r ty  d e f i n i t i o n  as 
w e l l  a s  s t r u c t u r a l  and thermal ana lyses .  The program w i l l  
f o l low a s imi l a r  course  of  experimental  development as t h e  ASCEP 
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wi th  t h e  eventua l  f a b r i c a t i o n  of a 6 f o o t  nose s e c t i o n  based on 
t h e  F l i g h t  Dynamic Laboratory FDL-5 s p a c e c r a f t  c o n f i g u r a t i o n .  
The s e c t i o n  w i l l  be f a b r i c a t e d  from Ta-222,  columbium and 
Haynes 25 i n  a p p r o p r i a t e  a r e a s .  

Ab la t ive  Systems 

I n  t h e  opin ion  of  t h e  Mart in  people ,  t h e  PRIME v e h i c l e s  
e s t a b l i s h e d  a high degree of confidence i n  t h e  use  of a b l a t o r  
systems f o r  a medium L/D r e e n t r y  veh ic l e .*  The subsystems i n s i d e  
t h e  recovered PRIME v e h i c l e  (only  one w a s  s u c c e s s f u l l y  a i r  sna tched)  
w e r e  o p e r a t i o n a l  and could have reflown. The a b l a t o r  system, a s  
a n t i c i p a t e d ,  could no t  be reused and would r e q u i r e  replacement.  

The cost of  r eus ing  such a v e h i c l e  (and a l a r g e  
manned v e h i c l e  a s  w e l l )  depends t o  a great  e x t e n t  on t h e  h e a t  
p r o t e c t i o n  system. To reduce t h e  replacement c o s t  f o r  f u t u r e  
a p p l i c a t i o n s ,  Mart in  i s  c u r r e n t l y  e v a l u a t i n g  t h e  p o s s i b i l i t y  of  
reducing  t h e  cost  of  ablator f a b r i c a t i o n .  A s  one example, t h e  
elastomeric a b l a t o r  m a t e r i a l  on t h e  PRIME was hand f i l l e d  i n t o  
a honeycomb ma t r ix ,  which was a t t ached  t o  t h e  load  bear ing  s t r u c -  
t u r e ,  i n  a manner s i m i l a r  t o  t h e  technique used on Gemini and 
Apollo. The honeycomb i s  requ i r ed  t o  add s t r u c t u r a l  i n t e g r i t y  
t o  t h e  ablator i n  t h e  p y r o l y s i s  zone where  t h e  m a t e r i a l  d e n s i t y  
and s t r e n g t h  becomes very  low a s  w e l l  a s  t o  provide a bonding 
t o  t h e  s u b s t r u c t u r e .  By us ing  an  a l t e r n a t e  method of  a b l a t o r  
r e i n f o r c e m e n t  o r  p o s s i b l y  even e l i m i n a t i n g  t h e  re inforcement ,  
t h e  t i m e  t o  fabr icate  a n  a b l a t o r  pane l  could be s u b s t a n t i a l l y  
reduced. I n  a d d i t i o n ,  methods of reducing t h e  man hours  r equ i r ed  
f o r  a t t a c h i n g  and de taching  t h e  a b l a t o r  pane l s  t o  t h e  ma in  
s t r u c t u r e  are a l s o  under study. 

Rad ia t ive  Systems 

The ASCEP i s  considered by t h e  Mart in  people  t o  have 
been a very u s e f u l  t o o l  for  understanding and e v a l u a t i n g  t h e  
r a d i a t i v e  h e a t  s h i e l d  a p p l i c a t i o n  t o  l a r g e  ho t  load c a r r y i n g  
s t r u c t u r e s .  They b e l i e v e  t h e  redundant s t r u c t u r e  concepts  
employed on t h e  ASCEP are f e a s i b l e  f o r  a p p l i c a t i o n  t o  high L/D 
s p a c e c r a f t .  The ques t ion  of t h e  m u l t i p l e  r e u s e  of coated colum- 
bium pane l s ,  however, was l e f t  unanswered. The major problem 
a r e a  i s  t h e  o x i d a t i o n  r e s i s t a n t  c o a t i n g s  r e q u i r e d  on r e f r a c t o r y  
me ta l s .  I n  g e n e r a l ,  t h e  ASCEP could not  demonstrate  m u l t i p l e  
r e u s e  of coa ted  panels  due t o  coa t ing  f a i l u r e s .  Out of t h e  

*Of course  t h e  Mercury, G e m i n i ,  Apollo and o t h e r  r e e n t r y  
systems con t r ibu ted  t o  t h i s  confidence i n  ablator  systems 
a p p l i c a t i o n  a s  w e l l .  
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30  columbium honeycomb panels  (38" x 1 4  5/8" x 7/16'' w a s  t h e  
l a r g e s t  pane l )  t h a t  made up t h e  lower s u r f a c e  h e a t  s h i e l d ,  on ly  
a few pane l s  could be recyc led  through t h e  s imula ted  e n t r y  
loading  and hea t ing ,  and only one panel  w a s  used through 1 0  
cyc le s .  

I t  i s  impera t ive  t h a t  a r e l i a b l e  high tempera ture  
c o a t i n g  be developed i f  columbium (or any r e f r a c t o r y  me ta l )  i s  
t o  be used on a l o w  cost r eusab le  s p a c e c r a f t .  I t  appears  from 
t a l k i n g  t o  t h e  Martin people, however, t h a t  t h e r e  i s  on ly  a 
r e l a t i v e l y  s m a l l  e f f o r t  p r e s e n t l y  being expended i n  c o a t i n g  
development. Although a r e f r a c t o r y  m e t a l  heat s h i e l d  i s  n o t  t h e  
only  r e u s a b l e  concept (non-metalic r a d i a t o r s *  o r  f i l m  cooled 
s u r f a c e s  could be o t h e r  p o s s i b i l i t i e s ) ,  t h e  r e f r a c t o r y  metals 
do have very  d e s i r a b l e  high temperature  p r o p e r t i e s  i f  p r o t e c t e d  
from ox ida t ion .  Coated columbium has m u l t i p l e  r e u s e  p o t e n t i a l  
a t  temperatures  up t o  2500°F, which could c o n s t i t u t e  m o s t  o f  
t h e  lower s u r f a c e  of a r eusab le  s p a c e c r a f t  depending on i t s  
c o n f i g u r a t i o n  and o p e r a t i o n a l  mission. 

I n  t h e  HASP program, t h e  same problem of  c o a t i n g s  f o r  
t h e  tantalum a l l o y  Ta-222 is  p resen t ;  i n  f a c t ,  due t o  t h e  h ighe r  
tempera tures ,  t h e  problem is  more seve re  f o r  t h e  tantalum 
coa t ings .  The Ta-222 can r e t a i n  cons ide rab le  s t r u c t u r a l  s t r e n g t h  
up t o  3600°F, b u t  it i s  not be l ieved  t h a t  c o a t i n g s  could be made 
a v a i l a b l e  f o r  such h igh  temperature a p p l i c a t i o n s .  The p o t e n t i a l  
a p p l i c a t i o n  of  tantalum, t h e r e f o r e ,  i s  r e s t r i c t e d  t o  3000OF f o r  
t h i n  s h e e t s  and 3200'F f o r  s h e e t s  g r e a t e r  than 1 2  m i l .  With a 
3000OF t o  3200OF temperature l i m i t  i n s t e a d  of t h e  2500OF f o r  
columbium, t h e  s p a c e c r a f t  con f igu ra t ion  and o p e r a t i o n a l  miss ion  
could be made more f l e x i b l e .  Considerably more mater ia l  
p rope r ty  d e f i n i t i o n  w i l l  be r equ i r ed  f o r  tantalum a p p l i c a t i o n .  
The conclus ions  from t h e  HASP program on tantalum c o a t i n g s  
(assuming b e t t e r  coa t ings  a r e  developed du r ing  t h e  HASP) should 
a l s o  be a p p l i c a b l e  t o  columbium coa t ings .  

The new gene ra t ion  of TD N i - C r  has  p o t e n t i a l  app l i ca -  
t i o n  t o  2200OF wi thout  t h e  need of ox ida t ion  r e s i s t a n t  c o a t i n g s .  
T o  d a t e ,  t es t  r e s u l t s  show t h a t  TD N i - C r  s h e e t  ( . 0 1 0  t o  . 0 1 2  
i nches  t h i c k )  can s u r v i v e  1 2  t w o  hour hea t ing  c y c l e s  wi th  a 
peak temperature  of 2000OF. The HASP program i s  in tended  t o  
b e t t e r  d e f i n e  t h e  des ign  al lowables  f o r  TD N i - C r .  

* 
Lockheed i s  developing LI-1500, a s i l i c a  m a t e r i a l .  - -  

T r i p  Report - Discuss  Stage and One-Half Launch System S t u d i e s  
a t  Lockheed, Bellcomm Memo f o r  F i l e ,  D. E.  Cassidy and C.  C. Ong, 
February 4 ,  1 9 6 9 .  
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Comments 

Although it i s  a n t i c i p a t e d  t h a t  some type  of  r e u s a b l e  
h e a t  s h i e l d  w i l l  e v e n t u a l l y  be developed, an a b l a t o r  system 
( p r e f e r a b l y  l o w  c o s t )  might be r equ i r ed  i n  t h e  i n t e r i m .  It  

would be d e s i r a b l e  i f  a s p a c e c r a f t  could be designed t o  u s e  a n  
a b l a t i v e  system i n i t i a l l y  and a l l o w  f o r  a r e u s a b l e  h e a t  s h i e l d  
r e t r o f i t .  Mart in  personnel  f e e l  t h i s  i s  q u i t e  r easonab le  when 
t h e  double  w a l l  c o n s t r u c t i o n  i s  employed. The double  wa l l  
c o n s i s t s  of a load c a r r y i n g  s u b s t r u c t u r e  and s e p a r a t e  h e a t  
s h i e l d  mounted on t h e  s u b s t r u c t u r e .  Mart in  i s  ana lyz ing  systems 
which would use  a l o w  d e n s i t y  (15 l b s / f t 3 )  elastomeric a b l a t o r  
i n i t i a l l y  and then  be converted t o  columbium. They f e e l  t h a t  
l i t t l e  or  no pena l ty  would be imposed o n  t h e  b a s i c  s t r u c t u r e  of 
t h e  v e h i c l e  us ing  t h i s  approach. 

S ince  t h e  d a t a  genera ted  i n  t h e  ASCEP and HASP 
programs have s i g n i f i c a n t  bear ing  on t h e  ques t ion  of  being 
a b l e  t o  develop m u l t i p l e  r eusab le  h e a t  s h i e l d s  f o r  a new l o w  
cos t  e a r t h  o r b i t a l  t r a n s p o r t a t i o n  system, t h e  a u t h o r s  have 
i n v i t e d  t h e  Martin r e p r e s e n t a t i v e s  t o  p r e s e n t  a more thorough 
review of both programs f o r  i n t e r e s t e d  NASA and Bellcomm 
personnel .  I n t e r e s t e d  persons should c o n t a c t  t h e  au tho r s .  

*. 

L , <, ' , L 
D. E. Cass idy I  

. .  
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